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The present invention 
through a novel biological 



Specification 



A METHOD FOR DEGRADING POLYLACTIDE RESINS 



FIELD 



OF THE INVENTION 
relates to a method for degrading polylactide resins 
treatment process. 



BACKGROUND OF THE INVENTION 
The disposal of plastic wastes is recently an issue of concern. Incineration 
and landfill are major methods for disposing of plastic wastes, however, incineration 
accelerates global warming wh^le a decrease in the amount of land being reclaimed is a 
problem related with landfill disposal. Therefore, biodegrading methods are attracting 

have biodegradability and the development of various 
plastics is in progress. In the near future, however, as 
with currently used plastics, a focus on the issue of wastes is strongly expected. 



attention. Polylactide resins 
applications as next-generation 



Polylactide resins are 
currently employed as medical 
can be synthesized through 
as starch, they are attracting 
general-purpose plastics for w 
resins are classified into poly 
a copolymer with other polym< 



polymers that are hydrolyzed in a water system and are 
and pharmaceutical materials. Since polylactide resins 
lactic acid fermentation from regeneratable resources such 
attention as a material for biodegradable plastics to replace 
hich environmental degradation is difficult. Polylactic 
-lactic acid, poly-D-lactic acid, poly-DL-lactic acid, and 
Lers, depending on the type of constitutive monomer. 



It is known that an 
enzyme for degrading po 
or esterase, although it is not 
directly biodegrading pol 
techniques using those 
actinomycetes Amycolatopsis 
(FERM P-16247), and 
bacteria Staphylococcus 
P-15868), Bacillus subtilis 
Bacillus stearothermophilus 
Thus, it can be said that 



enzyme 



microorganisms 



accelerates hydrolysis of polylactide resins. An 
lylact^de resins may be a hydrolase similar to protease, lipase, 
yet specified. Further, until now microorganisms for 
lylactide resins and wastes thereof and degradation method 
have been limited to the following: the 
mediterranei (FERM P- 14921), Actinomadura viridis 
Streptomyces spp. (FERM P-15869, FERM P-15870); and the 
hominis (FERM P-15867), Staphylococcus epidermidis (FERM 
(FERM P-16181), Bacillus circullans (FERM P-16182), and 
(FERM P-16183), and degradation using those bacteria, 
investigation of techniques for actively degrading polylactide 
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resins has not yet been sufficiently conducted 



The object of the 
microorganisms for directly 
same and a method therefor. 



iw present invention is, therefore, to provide novel 
biodegrading polylactide resins and plastics containing the 



the 



and ; 



In order to attain 
screening over a wide range 
novel actinomycetes having 
has led to the completion of the 



tide 



Specifically, the present 
resins in which the polylacti 
genus Saccharothrix, 
Actinokineospora, 



According tp the present 
added to a medium containing 
to the genus Saccharothrix, 
Actinokineospora, 



More specifically, in 



SUMMARY OF THE INVENTION 

above object, we conducted concentrated studies and 
as a result, found, through a microbiological technique, 
excellent activities for degrading polylactide resins. This 
present invention. 



invention provides a method for degrading polylactide 
resins are degraded by actinomycetes belonging to the 
Streptoalloteichus, Kibdelosporangium, Lentzea, 
Saccharomonospora, Saccharopolyspora, or Actinopolyspora. 



invention, polylactide resins are degraded by being 
inorganic salts together with the actinomycetes belonging 
Streptoalloteichus, Kibdelosporangium, Lentzea, 
Saccharomonospora, Saccharopolyspora, or Actinopolyspora. 



the present invention, the actinomycete belonging to the 
genus Saccharothrix is at least one bacterium selected from the group consisting of 
Saccharothrix flava, Saccharothrix coeruleofusca, Saccharothrix longispora, 
Saccharothrix australiensis, Saccharothrix mutabilis subsp. mutabilis, Saccharothrix 
aerocolonigenes subsp. aerocolonigenes, Saccharothrix syringae, Saccharothrix 
coeruleoviolacea, Saccharothrix cryophilis, Saccharothrix espanaensis, Saccharothrix 
texasensis, and Saccharothrix waywayandensis\ the actinomycete belonging to the 
genus Streptoalloteichus is Streptoalloteichus hindustanus; the actinomycete belonging 
to the genus Kibdelosporangium is Kibdelosporangium aridum; the actinomycete 
belonging to the genus Lentzea is Lentzea albidocapillata; the actinomycete belonging 
to the genus Actinokineospora is Actinokineospora riparia; the actinomycete belonging 
to the genus Saccharomonospora is Saccharomonospora azurea; the actinomycete 
belonging to the genus Saccharopolyspora is Saccharopolyspora erythraea or 
Saccharopolyspora hordei; and the actinomycete belonging to the genus 
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Actinopolyspora is Actinopolysp 
present invention, a 
and a temperature between 10 



^ora halophila or Actinopolyspora mortivallis. In the 
preferable culturing condition is at a pH value between 4.0 and 10.0 
and 60°C. 



This specification includes part or all of the contents as disclosed in the 
specification of Japanese Patent Application No. 313578/1999 (Hei 11-313578), which 
is a priority document of the present invention. 

EMBODIMENT FOR CARRYING OUT THE INVENTION 



"Polylactide resins" 



according to the present invention refer to polymers 
comprised mainly of lactic acid and include a homopolymer of polylactic acid such as 
poly-L4actic acid and poly-D-lactic acid, a copolymer of poly-L/D-lactic acid, and a 
copolymer of polylactic acid pjrepared by copolymerizing the above polymers with other 
polymers such as £-caprolactone and glycolide, and a blended polymer made from the 
above polymers or from the above polymers and other polymers. A lactic acid 
component in the polymer (polylactide resins) is 10% by weight or more. As a method 

involving direct polymerization of lactic acid, a method 
involving ring-breakage polymerization of lactide (a cyclic dimer of lactic acid), and the 
like are known. A number average molecular weight of the polylactide resins 

method in the present invention is about 10,000 to 10 6 , 
The present invention, however, is not limited to 



applicable to the degradation 
preferably about 50,000 to 300,000. 
these only. 



Examples of commercially available polylactide resins include Lacty 



(Shimadzu Corporation) and 



Lacea (Mitsui Chemicals), however, the method of the 



present invention is not limited to these only. 

The present invention enables degradation of polylactide resins under aerobic 
conditions by allowing microorganisms to degrade polylactide resins. 



Novel microorganisms 
resins are actinomycetes 
Kibdelosporangium, 
Saccharopolyspora, or Actinopolyspora 



in which we found activities for degrading polylactide 
belonging to the genus Saccharothrix, Streptoalloteichus^ 
Actinokineospora, Saccharomonospora, 



Lentzea, 



Among actinomycetes belonging to the above genera, particularly preferred are 
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Saccharothrix flava, 
Saccharothrix australiensis, 
aerocolonigenes subsp. aer 
coeruleoviolacea, Saccharothrix 
texasensis, Saccharothrix 
Kibdelosporangium aridum, 
Saccharomonospora azurea, 
Actinopolyspora halophila, and 



coeruleofusca, Saccharothrix longispora, 
Saccharothrix mutabilis subsp. mutabilis, Saccharothrix 
ocolonigenes, Saccharothrix syringae, Saccharothrix 
cryophilis, Saccharothrix espanaensis, Saccharothrix 
waywayandensis, Streptoalloteichus hindustanus, 
Lentzea albidocapillata, Actinokineospora riparia, 
Saccharopolyspora erythraea, Saccharopolyspora hordei, 
Actinopolyspora mortivallis. 



Strains used in the present invention are bacteria which, for example, are stored 
in facilities for repositing microorganism strains such as The Institute of Physical and 
Chemical Research, Japan Collection of Microorganisms (2-1 Hirosawa Wako, Saitama, 
Japan), and one strain or a group of microorganisms containing a plurality of strains are 
preferably selected for use from the group consisting of: strains belonging to the genus 
Saccharothrix, i.e., Saccharothrix flava (JCM 3296), Saccharothrix coeruleofusca (JCM 
3313), Saccharothrix longispora (JCM 3314), Saccharothrix australiensis (JCM 3370), 
Saccharothrix mutabilis subsp. mutabilis (JCM 3380), Saccharothrix aerocolonigenes 
subsp. aerocolonigenes (JCM 4150), Saccharothrix syringae (JCM 6844), 
Saccharothrix coeruleoviolacea (JCM 9110), Saccharothrix cryophilis (JCM 9111), 
Saccharothrix espanaensis (JCM 9112), Saccharothrix texasensis (JCM 9113), and 
Saccharothrix waywayandensis (JCM 9114); strains belonging to the genus 
Streptoalloteichus, i.e., Streptoalloteichus hindustanus (JCM 3268); strains belonging to 
the genus Kibdelosporangiur^, i.e., Kibdelosporangium aridum subsp. aridum (JCM 
7912), and Kibdelosporangium aridum subsp. largum (JCM 9107); strains belonging to 
the genus Lentzea, i.e., Lentzea albidocapillata (JCM 9732); strains belonging to the 
genus Actinokineospora, i.e., Actinokineospora riparia (JCM 7471); strains belonging 
to the genus Saccharomonospora, i.e., Saccharomonospora azurea (JFO 14651); strains 
belonging to the genus Saccharopolyspora, i.e., Saccharopolyspora erythraea (WO 
13426) and Saccharopolyspora hordei (JFO 15046); and strains belonging to the 

i.e., Actinopolyspora halophila (JCM 3278) and 
CM 7550). 



genus Actinopolyspora, 
Actinopolyspora mortivallis (J 



Each strain of the 
containing each strain is well 
polylactide resins in a liquid 
grown and cultured in a 



above microorganisms or a group of microorganisms 
known in the art and may be provided for processing of 
state together with a culture solution containing the strain 
basal medium which is suitable for culturing the 
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microorganisms, for example, 
to which 50 to 500 ppm of 
provided for treatment of po 
freeze-drying a strain in accordance 
as a tablet prepared by 
necessary nutrients, such as 
by compression. 



salts and ammonium sulfate, 



a medium of inorganic salts containing a nitrogen source 
yeast extract has been added. If necessary, it may be 
lylactide resins as a preparation in powder form prepared by 
with a conventional method or in a solid state such 
blending the powder with various vitamins and minerals and 
extract, casamino acid, peptone, and the like, followed 



yeast ■ 



A basal medium used in culturing in the present invention includes inorganic 



ammonium phosphate, and ammonium carbonate or the 
like is used as a nitrogen source. As inorganic salts, commonly used culture sources 
such as monopotassium phosphate, dipotassium phosphate, magnesium sulfate, sodium 
chloride, iron (I) sulfate, sodium molybdate, sodium tungstate, or manganese sulfate are 
used. Unlike a common bacterial medium, addition of a minor amount of yeast extract, 
casamino acid, peptone, malt extract or the like is sometimes effective. Octyl 
glucoside, a surfactant, can be used to disperse powdery polylactic acid. Surfactants 
such as PLYSURF (Dai-ichi Kogyo Seiyaku Co., Ltd.) sometimes inhibit degradation of 
polylactic acid and thus the addition thereof is not preferred. A pH value of a medium 
is between 4.0 and 10.0 and preferably between 5.0 and 8.0. The culturing 
temperature is from 10 to 47°C, preferably 10 to 40°C. 

A method for biodegrading polylactide resins according to the present 
invention is preferably carried out by adding the previously described basal medium, 
polylactide resins to be processed, and the strain, the powder, tablet, or culture solution 
having strains incorporated therein, in a culturing tank. Alternatively, the above strains 



may be incorporated into 



active sludge or compost. From the viewpoint of 
degradation efficiency, most preferably, a polylactic resin is pulverized, however it may 
be a film. The amount qf polylactide resins injected into the basal medium is 
preferably 0.01 to 10% by weight with respect to the basal medium. The amount of 
microorganisms added may be very small, however, it is preferably 0.01% by weight or 
more based on the polylactide resins in order that the injected amount does not affect 
the process time. 



The time required 
and amount of polylactide 
amount thereof with respect 



for 



degradation varies depending on the composition, form, 
resins, the type of microorganisms used and the relative 
to the resin, as well as other various culturing conditions, 
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and thus the time cannot be 
degraded by being maintained 
the above conditions. 



completely specified. Generally, polylactide resins can be 
for several days to several weeks or several months under 



The present invention 
following examples. The present 
only. 



Example 1 

100 mg of polylactic 
180 micron or smaller, was added 
7.0) shown in Table 1 and each 
by culturing at 30°C for four 
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Component 



will be described in more detail with reference to the 
invention, however, is not limited to these examples 



resin (poly-L-lactic acid, Mn: 1.08 x 10 5 ), pulverized to 
as a carbon source to 100 ml of basal medium (pH 
strain shown in Table 2 was inoculated thereto, followed 
weeks in a 180 rpm rotary shaking apparatus. 



Table 1 

Formulation of basal medium (in 1 liter of distilled water) 



Amount incorporated 



Na 2 Mo0 4 -2H 2 0 
Na 2 W0 4 -2H 2 0 
MnS0 4 
FeS0 4 *7H 2 0 
NaCl 

CaCl 2 *2H 2 0 
(NH4) 2 S0 4 
MgS0 4 -7H 2 0 
K 2 HP0 4 t 
KH 2 P0 4 
Octyl glucoside 
Yeast extract 



0.5 mg 
0.5 mg 
0.5 mg 
10 mg 
10 mg 
20 mg 
1,000 mg 
200 mg 
1,600 mg 
200 mg 
50 mg 
100 mg 



6 



Table 2 Degradatio n of polylactide|resins by various actinomycetes (30°C, 4 weeks, shake culturing) 
Strain Degradation rate of polylactic acid, % 



Control (strain not inoculated) 
Saccharothrix flava 
JCM 3296 

Saccharothrix coeruleofusca 
JCM 3313 

Saccharothrix longispora 
JCM 3314 

Saccharothrix australiensis 
JCM 3370 

Saccharothrix mutabilis subsp. mutabilis 
JCM 3380 

Saccharothrix aerocolonigen.es subsp. aerocolonigenes 
JCM 4150 

Saccharothrix syringae 
JCM 6844 

Saccharothrix coeruleoviolacea 
JCM 9110 

Saccharothrix cryophilis 
JCM 9111 

Saccharothrix espanaensis 
JCM 9112 

Saccharothrix texasensis 
JCM 9113 

Saccharothrix waywayandensis 
JCM 9114 

Streptoalloteichus hindustanus 
JCM 3268 

Kibdelosporangium aridum subsp. aridum 
JCM 7912 

Kibdelosporangium aridum subsp. largum 
JCM 9107 

Lentzea albidocapillata 
JCM 9732 

Actinokineospora riparia 
JCM 7471 

Saccharomonospora azurea 
WO 14651 

Saccharopolyspora erythraea 
JPO 13426 

Saccharopolyspora hordei 
JPO 15046 

Actinopolyspora halophila 
JCM 3278 

Actinopolyspora mortivallis 
JCM 7550 



0.2 
30.4 

33.6 

47.3 

34.2 

50.1 

30.1 

32.1 

25.4 

9.7 

28.3 

32.1 

51.8 

52.1 

48.7 

10.7 

11.3 

36.0 

27.4 

13.9 

26.5 

23.2 

21.6 
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The degradation rate of polylactide resins was calculated by assaying the 
change in the recovery weigh : of polylactide resins (measured as dry weight of residual 
poly-L-lactic acid through extraction with chloroform and evaporation of chloroform) 
after degradation of the added pulverized polylactide resins. The results thereof are as 
shown in Table 2. The resvlts show that while little change occurred in the weights 
before and after culturing in a control without inoculation of strains, and thus the 
polylactide resins were not substantially degraded, in the medium to which bacteria 
having degradation capability were added according to the present invention, 
polylactide resins decreased from about 10 to 50%. 



The foregoing 
degrading macromolecular 
Saccharothrix coeruleofusca 
Saccharothrix australiensis 
(JCM 3380), Saccharothrix 
Saccharothrix syringae 
Saccharothrix cryophilis 
Saccharothrix texasensis 
Streptoalloteichus hindustanus 
(JCM 7912), Kibdelosporangiw 
albidocapillata (JCM 
Saccharomonospora azurea 
Saccharopolyspora hordei 
Actinopolyspora mortivallis 



demonstrated that the following strains were capable of 
polylactide resins: Saccharothrix flava (JCM 3296), 
(JCM 3313), Saccharothrix longispora (JCM 3314), 
(JCM 3370), Saccharothrix mutabilis subsp. mutabilis 
aerocolonigenes subsp. aerocolonigenes (JCM 4150), 
6844), Saccharothrix coeruleoviolacea (JCM 9110), 
9111), Saccharothrix espanaensis (JCM 9112), 
9113), Saccharothrix waywayandensis (JCM 9114), 
(JCM 3268), Kibdelosporangium aridum subsp. aridum 
im aridum subsp. largum (JCM 9107), Lentzea 
9732), Actinokineospora riparia (JCM 7471), 
(IFO 14651), Saccharopolyspora erythraea (BFO 13426), 
15046), Actinopolyspora halophila (JCM 3278), and 
(JCM 7550). 



(JCM 



(JCM 
(JCM 



degrad 



The method for 
is a method for disposing 
exhaust gas, unlike the 
compared to the conventional 
waste disposal. In 
biodegradable plastics, 
merely waiting for natural 



using 



All publications, patents and patent applications cited herein are incorporated 
herein by reference in their entirety. 



INDUSTRIAL APPLICABILITY 

ling polylactide resins according to the present invention 
of polylactic resin wastes which does not generate any 
conventional incineration method, is significantly time-saving 
landfill technology, and is a very valuable method in 
particular, by actively degrading polylactide resins, which are 
microorganisms having degrading activities, instead of 
degradation in soil, an environmentally better disposal 
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technique can be provided. Further, the use of the disposal technique according to the 
present invention at composting facilities enables conversion of polylactide resins into 
useful materials such as organic acids or compost. 



What is claimed is: 



L A method for degrading polylactide resins, wherein the polylactide resins are 
degraded by an actinomycete belonging to a genus selected from the group consisting of 
Saccharothrix^ Streptoalloteichus, Kibdelosporangium, Lentzea, Actinokineospora, 
Saccharomonospora, Saccharopolyspora, and Actinopolyspora. 



2. The method for degradin 
the actinomycete belongs to the 



ig polylactide resins according to claim 1, wherein 
genus Saccharothrix. 



3. The method for degrading polylactide resins according to claim 2, wherein 
the actinomycete is at least one bacterium selected from the group consisting of 
Saccharothrix flava, Saccharothrix coeruleofusca, Saccharothrix longispora, 
Saccharothrix australiensis, Saccharothrix mutabilis subsp. mutabilis, Saccharothrix 
aerocolonigenes subsp. aerocolonigenes, Saccharothrix syringae, Saccharothrix 
coeruleoviolacea, Saccharothrix cryophilis, Saccharothrix espanaensis, Saccharothrix 
texasensis, and Saccharothrix waywayandensis, 

4. The method for degrading polylactide resins according to claim 1, wherein 
the actinomycete belongs to t rie genus Streptoalloteichus. 

5. The method for degrading polylactide resins according to claim 4, wherein 
the actinomycete is Streptoalloteichus hindustanus. 



6. The method for degrading polylactide resins according to claim 1, wherein 
the actinomycete belongs to the genus Kibdelosporangium. 



7. The method for 
the actinomycete is Kibdelosp^ 



degrading polylactide resins according to claim 6, wherein 
orangium aridum. 



8. The method for degrading polylactide resins according to claim 1, wherein 
the actinomycete belongs to the genus Lentzea. 



9, The method for 
the actinomycetes is Lentzea 



degrading polylactide resins according to claim 8 wherein 
albidocapillata. 
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10. The method for degrading polylactide resins according to claim 1, wherein 
the actinomycete belongs to the genus Actinokineospora. 

11. The method for degrading polylactide resins according to claim 10, wherein 
the actinomycete is Actinokineospora riparia. 



12. The method for degrad: 
the actinomycete belongs to the 



ing polylactide resins according to claim 1, wherein 
genus Saccharomonospora. 



13. The method for degrading polylactide resins according to claim 12, wherein 
the actinomycete is Saccharomonospora azurea. 



14. The method for 
the actinomycete belongs to 



degrading polylactide resins according to claim 1, wherein 
the genus Saccharopolyspora. 



15. The method for degrading polylactide resins according to claim 14, wherein 
the actinomycete is Saccharopolyspora erythraea or Saccharopolyspora hordei. 



16. The method for degrading polylactide resins according to claim 1, wherein 
the actinomycete belongs to the genus Actinopolyspora. 



17. The method for 
the actinomycete is Actinopob 



degradi 



ing polylactide resins according to claim 16, wherein 
yspora halophila or Actinopolyspora mortivallis. 



18. A preparation in the form of a liquid, powder, or solid for degrading 
polylactide resins, wherein the preparation contains at least one actinomycete selected 
from the group consisting of Saccharothrix flava, Saccharothrix coeruleofusca, 
Saccharothrix longispora, Saccharothrix australiensis, Saccharothrix mutabilis subsp. 
mutabilis, Saccharothrix aerocolonigenes subsp. aerocolonigenes, Saccharothrix 
syringae, Saccharothrix coeruleoviolacea, Saccharothrix cryophilis, Saccharothrix 
espanaensis, Saccharothrix texasensis, Saccharothrix waywayandensis, 
Streptoalloteichus hindustanis, Kibdelosporangium aridum, Lentzea albidocapillata, 
Actinokineospora rip aria, Saccharomonospora azurea, Saccharopolyspora erythraea, 
Saccharopolyspora hordei, Actinopolyspora halophila, and Actinopolyspora mortivallis. 
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10/089120 



ABSTRACT 



cs 



The present invention 
polylactide resins and plasti 
Specifically, the present 
wherein the polylactide resins 
Saccharothrix, Streptoalloteichus, 
Saccharomonospora, 



provides novel microorganisms that directly biodegrade 
containing the same as well as a method therefor, 
in v ention provides a method for degrading polylactide resins, 
are degraded by an actinomycete belonging to the genus 
Kibdelosporangium, Lentzea, Actinokineospora, 
Saccharopolyspora, or Actinopolyspora. 
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Attorney s Docket No.:_ 



DECLARATION, POWER OF ATTORNEY AND PETITION 



I (We), the undersigned inventor( 
My residence, post office address 
name, 

I (We) believe that I am 
inventor(s) of the subject m 
sought on the invention e 



s), hereby declare that: 

and citizenship are as stated below next to m y 



(we are) the original, first, and joint (sole) 
atter which is claimed and for which a patent is 
ntitled 

A METHOD FOR DEGRADING POLYLACTIDE RESINS 



the specification of which 

□ is attached hereto! 

□ was filed on 



Application Serial 
and amended on 



as 



No. 



was filed as PCT international application 



on Marrh ^1 7.000 


and was amended 
o n 


under PCT Article 19 


(if applicable). 







I (We) hereby state that I (\j/e) have reviewed and understand the contents of 
the above-identified specification, including the claims, as amended by any 
amendment referred to aboje; that I (We) do not know and do not believe that 
this invention was ever known or used before my invention or discovery 
thereof, or patented or described in any printed publication in any country 
before my invention or discovery thereof, or more than one year prior to this 
application, or in public use or on sale in th e Un ited States for more than one 
year prior to this application; that this invention or discovery has not been 
patented or made the subjject of an inventor s certificate in any country 
foreign to the United States on an application filed by me or my legal 
representatives x or assigns more than twelve months before this application. 



2/5 



I (We) acknowledge the duty to disclose information known to be material to 
the patentability of this application as defined in Section 1.56 of Title 37 Code of 
Federal Regulations. 

I (We) hereby claim foreign j priority benefits under Section 119(a)-(d) of Title 
35 United States Cbde, of any foreign application (s) for patent or inventor s 
certificate listed below and liave also identified below any foreign application 
for patent or inventor s certificate having a filing date before that of the 
application on which priority is claimed: 



Application No. 
313578/1999 



Country! 



Japan 













Filingdate 
November 4. 1999 



Priority 
claimed 
■ Yes □ No 

□ Yes □ No 

□ Yes □ No 

□ Yes □ No 



in 



I hereby claim the benefit iinder Section 119(e) of Title 35 United States Code, 
of any United States application(s) listed below. 



(Application Number) 



(Filing Date) 



(Application Number) 



! 



(Filing Date) 



I (We) hereby claim the beijefit under Section 120 of Title 35 United States Code, 
of any United States application (s) listed below and, insofar as the subject 
matter of each of the claims of this application is not disclosed in the prior 
United States application in the manner provided by the first paragraph of 
Section 112 of Title 35 United States Code, I (We) acknowledge the duty to 
disclose material information as defined in Section 1.56(a) of Title 37 Code of 
Federal Regulations, whicli occurred between the filing date of the prior 
application and national or PCT international filing date of this application: 
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Application Serial No. 



Filing Date 



Status (pending, 
patented, 
abandoned) 



And I (We) hereby appoint: Bing Ai, Registration No. 43,312 ; Richard J. Anderson, 
Registration No. 36,732: James W.Babineau, Registration No. 42,276; Joseph R. Baker, Registration No. 
40,900 ; Ingrid A. Beattie, Registration No. 42,306; Robert M. Bedgood, Registration No. 43,488; 
Christine P. Bellon, Registration No. 41,611; William E. Booth, Registration No. 28,933; Samuel 



Borodach, Registration No. 38,388; Roger S. Borovoy, Registration No. 20,193; Charles J. Boudreau, 
Registration No. 42,350 ; John A. Burtis, Registration No . 39,924; Elizabeth Chien-Hale, Registration No. 
44077; Ruff in B. Cordell, Registration No. 33,487; John D. Cowart, Registration No. 38,415; Gary L. 



Creason, Registration No. 34,310; Le'e Crews, Registration No. 43,567; Andrew T. D'Amico, Jr., 



Registration No. 33,375; Sean P. Daley, Registration No. 40,978; P eter J. Devlin, Registration No. 31,753; 
John A.Dragseth, Registration No. 42,497; William J. Egan, III, Registration N o. 28,41 1; Mark S.Ellinger, 
Registration No. 34,812; Eldora L, Ellison, Registration No. 39,967; J.Peter Fasse, Registration No. 



32,983 ;_ David L. Feigenbaum, Registration No JS0. 378^ Richard P. Ferrara, Registration No. 30,632 ; 

i " 1 

Stephan J. Filipek, Registration No. [3^384; J. Patrick Finn III, Registration N o. 44,10 9; Janis K.Fraser, 

Registration No : _34 4 819; John W. Freeman, Registration No. 29,066; Timothy A.French, Registration No. 

30,175; John J. Gagel, Registration No. 33,499; Edouard A.Garcia, Registration No. 38,4 61; Diane L. 

Gardner, Registration No. 36,518; Kurt L. Glitzenstein, Registration No. 39,686; David J. Goren, 

Registration No. 34,609; Robert A. Greenberg, Registration No. P-44, 133; James A . Gromada, 

Registration No. P-44,727; H. Sanders Gwin, Jr., Registration No . 33,24 2; William D. Hare, Registration 
, <- 

No. 32,030; Scott C. Harris, Registration No. 32,030; John F. Hayden, Registration No. 37,64 0; Mark J. 



Hebert, Registration No. 31,766; George E. Heibel, Registration No. 42,648; Gilbert H. Hennessey, 
Registration No. 25,759; Charles Hijeken, Registration No. 18,411; Robert E. Hiliman, Registration No. 
22,837; William J. Hone, Registration No. 26,739; Shane H. Hunter, Registration No. 41,858; 



Allison A. Johnson, Registration No. 36J73j Mark D. Kirkland, Registration No. 40,048; Lawrence K. 



Kolodney, Registration N o. 43,807; 
Registration N o. 38.524 : John Land, 



Linda Liu Kordziel, Registration No. 39,73 2; Phyllis K. Kristal, 
Registration No. 29,554; Celia H. Leber, Registration No. 33,524; G. 



Roger Lee, Registration No. 28,963; Samuel S.Lee, Registration No. 42,791; Monica L.Lewis, 
Registration No. 42,600; John T. Lii, Registration No. 44,210; Ronald C. Lundquist, Registration No. 
37,875; Stuart Macphail. Registration No,. .44,21 7; Gregory A.Madera, Registration N o. 28 7 8 78; Denis G. 



Maloney, Registration No. 29,670; Christopher S. Marchese, Registration N o. 37,177 ; John F.McCabe, 
Registration No. 42,854; Monica McCormick Graham, Registration No. 42,600; Anita L. Meiklejohn, 
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Registration No. 35,283; Todd G. Miller, Registration No. 42,003; Ralph A. Mittelberger, Registration No. 

33,195; Chris T. Mizumoto, Registration No 42,899 ; James E. Mrose, Registration No. 33,264; 

Louis Myers, Registration No. 35,965; Robert C. Nabinger, Registration No. 33,431; Greg O'Bradovich, 



Registration No : _42 J 945; Frank R. Occhiuti, Registration^ No. 35,306; George C. Papp as, Registration No. 
35,065; Andrew N. Parfomak, Registration No. 32, 431; John B. Peg ram, Registration No. 25,198; John C. 
Phillips, Registration No. 35,322;' Frank P. Porcelli, Registration No. 27,374; Timothy A. Porter, 
Registration No. 41,258; Jon M. Powers, Registration No. 43,868; Eric L.Prahl, Registration No. 32,59.0; 



Paul A. Pysher, Registration N a40:7 80: Frederick H.Rabin, Registration No. 24,488; J. Robin Rohlicek, 
Registration N&J&349; Math i as wj. Samuel, Registration No. 39,823; Stephen R. Schaefer, Registration 
No. 37,927; Richard M. Sharkansky, Registration No. jj,800 ; Steven J. Shumaker, Registration No. 
36,275; Robert J. Silverman, Registration No. 42,14a.;. John M. Skenyon, Registration No. 27,468; Jack L. 



Slobodin, Registration No. 29,110; 



Alan D.Smith, Registration No. 32,005; Jeffrey L.Snow, Registration 



No. 39,037; Reginald J. Suy at, Registration No. 28,17 2; Rene D. Tegtmeyer, Registration No. 3 3^567; Bao 
Q. T ran, Registration No. 37,955; Hans R. Troesch, Registration No. 36,950; Y.Rocky Tsao, Registration 



No. 34,053; Natasha C. Us, Registration No. P-44,381; Jonathan J Wainer, Registration No. 36,712; Gary 



A. Walpert, Registration No. 26,09 ,8; John R.Wetherell, Jr., Registration No. 3 1,678j JDorothy P.Whelan, 
Registration No. 33,814; Wayne E. Willenberg, Registration No. 28,488; John N. Williams, Registration 
No. 18,948; Charles C.Winchester 1 , Registration No. 21,040. 

I(We) hereby request that all correspondence regarding this application be sent to the firm ofFISJJ 
j&jyCHARHSQNP.C. whose Post office address is: 45 Rockefeller Plaza, Suite 2800, New York, New Yor k 
102 1.L U.SA ! 

I (We) declare further thjat all statements made herein of my (our) knowledge 
are true and that all statements were made with the knowledge that willful 
false statements and the like so made are punishable by fine or imprisonment, 

or both, under Section 1001 of Title 18 of the United States Code and that such 

i 

willful false statements may jeopardize the validity of the application or any 
patent issued thereon. 



Residence: Ibaraki. Japan <JPy. 

NAME OF FIRST SOLE INVENTOR "~~~~* 




Citizen of: Japan 



Signature of Inventor Post Office Address: 

46-12. Sakuragaoka-cho. 

March 15, 2002 j Tsuchiura-shi. Ibaraki 300-0832 

D ate | Japan 



j 

| Residence:. 

NAME OF SECOND JOINT INVENTOR 

i 

. I Citizen of:_ 



Signature of Inventor Post Office Address:. 



; 







Date 









Residence: 



NAME OF THIRD JOINT INVENjTOR 



! 

. ! Citizen of: 

Signature of Inventor Post Office Address:. 



Date 



